Introduction
Gap junctions are involved in the formation of low resistance pathways between cells (Barr, Dewey & Berger, 1965) . Gap junctions are absent from the myometrium during early pregnancy in the rat and sheep but their numbers increase just before and during parturition (Garfield, Sims, Kannan & Daniel, 1978; Garfield, Rabideau, Challis & Daniel, 1979) . It is thought that their appearance is important in the co-ordination of uterine activity at this time. Gap junctions form spontaneously in myometrium cultured in vitro and their formation is increased by oestrogen and decreased by inhibitors of both prostaglandin and protein synthesis (Garfield, Kannan & Daniel, 1980a;  Garfield, Merrett & Grover, 1980b) . The significance of these findings for the physiological regulation of uterine muscle is uncertain as there are many discrepancies between in-vitro and in-vivo data relating to the myometrium (Finn & Porter, 1975) .
There is some confusion over the need for gap junctions for electrical propagation in the myometrium. There is evidence that the myometrium of mid-pregnant rats is able to propagate action potentials in vitro (Kuriyama & Suzuki, 1976 ), yet the data of Garfield et al (1978) in vivo indicate that gap junctions are not present until shortly before parturition. This discrepancy has led Peracchia (1980) to question the absence of gap junctions during early pregnancy. We therefore wished to repeat the observations of Garfield et al (1978) on the incidence of gap junctions in late pregnancy in the rat, and further to determine whether the improved myometrial co-ordination which occurs in vivo following oestrogen treatment, as reported by Downing, Lye, Bradshaw & Porter (1978) , is associated with changes in the numbers of gap junctions.
Materials and Methods

Animals
Wistar rats from the closed colony at Bristol University were used. The median time of parturition under standard lighting conditions (light from 06:00 to 20:00 h) is 13-13 h on Day 22 of gestation (Lincoln & Porter, 1976) The traces were analysed in 1 h sections for frequency of intrauterine pressure cycles greater than 10 mmHg. The high-speed recordings were used to estimate the rates of rise of pressure. The 'overall' rate of rise (from the start of the pressure cycles to peak amplitude) and 'maximum' rate of rise for each pressure cycle were expressed in mmHg sec-1 (Downing et al, 1978) .
Electron microscopy
The method used was similar to that described by Garfield et al (1980a [3H]progesterone (0-1 ml in ethanol) was added to 8 extraction tubes and dried down. Plasma (0-1 ml) was added to each tube and these were mixed and incubated at 30°C for 15 min before ether extraction.
Starting from a stock solution of 100 µg progesterone (Sigma Chemical Co., London)/ml ethanol, serial dilutions were made to give 10 standards ranging from 1 to 0-1 ng progesterone/ml in phosphate-buffered saline (PBS, 0-1 m, pH 7-1, containing 0-1% of both gelatin and sodium azide). For each standard, 100 µ were pipetted into assay tubes in triplicate. Buffer (100 µ1) was added to each of the extracted samples to equalize the reagent volumes, then 100 µ antiserum (BF 465, raised in a goat against progesterone-lla-succinyl-bovine serum albumin) was added to each sample and standard tube at a concentration of 1:3000. After this [1,2,6,7- 3H]progesterone (sp. act. 4-07 TBq/mmol; Radiochemical Centre, Amersham, U.K.) was added at a concentration of 10 000 c.p.m./100 µ . All tubes were vortexed and left to incubate for 4-24 h at 4°C.
To separate bound and free steroid 0-2% activated charcoal (Sigma Chemical Co., London) and 0-1% dextran (clinical grade, Sigma) in 0-5 ml PBS were added to each tube, incubated for 10 min at 4°C and centrifuged at 1500 g for a further 10 min at 4°C. The supernatants were decanted into small scintillation tubes, and 2-5 ml scintillation fluid were added to each (0-4% PPO, Fisons, in toluene). The tubes were incubated at 70°C for 20 min, capped, vortexed, and the labelled progesterone was allowed to equilibrate between the aqueous and organic phases. The tubes were then counted for 5 min on a Packard liquid scintillation spectrometer with an efficiency for tritium of 45%.
Validation. A range of steroids were tested for their cross-reaction with the antiserum. The only ones which showed a cross-reaction of >0-l% were lla-hydroxypregn-4-ene-3,20 dione, 74%; 11 ß-hydroxypregn-4-ene-3,20 dione, 10-0%; 5a-pregnane-3,17-dione, 4-4%; 5ß-pregnane-3,17-dione, 2-8%; and 20ct-hydroxypregn-4-ene-3-one, 1-4%. Accuracy was assessed by adding known quantities of progesterone to 0-1 ml aliquots of plasma containing 34 pg progesterone and assaying the extracts. The mean ± s.e.m. concentrations for 4 samples in each determination were: for 12 pg added, 46 ± 7-3 pg measured (100% recovery); for 24 pg added, 66 ± 6-2 pg measured (112% recovery); for 50 pg added, 87 + 7-3 pg measured (104% recovery); for 100 pg added, 129 ± 9-2 pg measured (96% recovery); and for 250 pg added, 243 ± 15-5 pg measured (86% recovery). Water and solvent blanks contained < 4 pg/tube. Sensitivity, defined as twice the s.d. of the zero value, was 6 pg/tube. The inter-and intra-assay coefficients of variation calculated by the method of Snedecor (1952) were 12-6% and 10-7% respectively. The recovery of radioactive progesterone from 0-1 ml aliquots of plasma was 76-5 ± 2-44% (9 assays). fig. 4 ) and the overall incidence was only 1-03 per mm (7 in 6780 µ membrane). In the control rats gap junctions were occasionally present in the balloon-filled horn (6 in 6180 µ = 0-97 per mm) but they were never seen in the other horn although 9000 urn were surveyed. Overall there were significantly more gap junctions present in the oestrogen-treated animals than in the controls (P < 0-01) and in individual rats there were significantly more gap junctions in the balloon-filled horn than in the empty one (P < 0-01).
The gap junctions in the oestrogen-treated horn with the balloon ranged from 61 to 751 nm fig. 4 . Diagram to show the frequency with which gap junctions were found in ovari¬ ectomized post-partum rats fitted with a balloon. Animals were given a s.c. injection of 7-5 pg oestradiol-17ß in corn oil, or corn oil only and were killed 15 h later. Each point represents the sample from one animal and the bar shows the total number of gap junctions per total length of membrane surveyed. Oestrogen-treated rats had significantly more gap junctions than did the controls (P < 0-01) and balloon-filled horns contained more gap junctions than empty horns (P<0-01).
in length with a median of 224 (n = 41). In the empty horn the median size was 152 nm (n = 7) and in the control rats it was only 128 nm (n = 6).
Discussion
Gap junctions are low-resistance pathways found between both excitable and non-excitable cells (Peracchia, 1980; Hertberg, Lawrence & Gilula, 1981) . Garfield et al (1978) have shown that gap junctions appear in the myometrium of the rat shortly before parturition. In the sheep, gap junctions were not seen before Day 100 of gestation but a few were present between Days 127 and 132 and both the number and size increased at term (Garfield et al, 1979) . The results given in the present paper confirm these findings in the rat, with gap junctions being seen in only 1 of 5 rats on Day 21, 4 out of 5 rats on the morning of Day 22 and in all 7 animals killed during parturition. They had almost disappeared by 24 h after littering. We have also confirmed that gap junctions are occasionally present in the sheep myometrium between Days 127 and 136, but the numbers increase significantly in the period from 1 h before until 2 h after parturition (D. C. Wathes, unpublished observations).
The present study shows that the increase in the rate of rise of intrauterine pressure cycles which is induced by oestrogen treatment (Downing et al, 1978 ) is accompanied by a significant increase in the population of gap junctions in the myometrium. Coren & Csapo (1963) postulated that the rate of rise of intrauterine pressure was an indication of the degree of co-ordination in the uterine muscle. The demonstration of a relationship between the rate of rise of pressure and the number of gap junctions supports this hypothesis since it has been established that the gap junctions provide low resistance coupling between cells (see review by Peracchia, 1980 ). Anderson, Kawarabayashi & Marshall (1981) No differences in electrical activity in balloon-filled or empty uterine horns were found by Ishikawa & Fuchs (1978) for rats or by Porter, Yoshinaga & Ford (1974) for guinea-pigs. However, a number of observations on rabbits which were unilaterally pregnant or fitted with a balloon indicated that uterine distension both increased the frequency of pressure cycles and improved the synchrony of contraction between myometrial cells (Kao, 1959; Takeda, 1965; Csapo, 1977 Changes in electrical and mechanical activity of the myometrium have also been related to a number of endocrine factors including the concentrations of oestrogen and prostaglandin. Ishikawa & Fuchs (1978) examined in-vivo changes during the oestrous cycle of the rat and found that high circulating levels of oestrogen in pro-oestrus were associated with infrequent but rapidly propagated spike bursts whereas low levels at oestrus were associated with frequent but non-propagated bursts. Work in our own laboratory using suction electrodes has shown that the propagation velocity of spontaneous activity in oestrogen-treated rats is significantly faster than in control animals (C. D. Redstone, unpublished observations). Similarly Garfield et al (1980a) found that oestrogen treatment of uterine strips in vitro increased gap junction formation. This may also be aided by the action of oestrogen in causing the proliferation of smooth muscle cell processes, thus increasing areas for contact (Bergmann, 1968) .
It is possible that both oestrogen and uterine distension also act on gap junction formation via their effects on prostaglandin (PG) synthesis. Csapo (1977) showed that distending the uterus of rabbits using a balloon approximately doubled synthesis of PGF while PGE levels remained unchanged. The rising level of oestradiol-17ß at parturition is probably one of the main influences on the alteration in PG synthesis and release at this time (Williams, Dembinska-Kiec, Zmuda & Gryglewski. 1978; Sterin-Speziale, Gimeno, Bonacossa & Gimeno, 1980; Challis, 1980) . Garfield et al (1980a) showed that the spontaneous formation of myometrial gap junctions in culture could be prevented by the addition of indomethacin to the medium and they suggested (Garfield et al, 1980a, b) (Garfield et al, 1980a) and that they are induced by stretch (present study) must cast doubts on the reliability of data on electrical coupling obtained from strips of myometrium maintained under tension in vitro.
